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Abstract : Birds observed in Nakdong river estuary area from Mar., 2007 to Feb., 2008 were total 97 species,
32,404 individuals . By investigation regions, B region where total 69 species, 16,873 individuals were recorded
appeared the highest. Although species diversity (H') were 2.70 in A region, 2.49 in B region, 2.77 in C region and
showed the lowest in B region with the most numbers of species and individuals, species richness (Da) were 6.85 in
A region, 6.99 in B region, and 6.19 in C region and showed the highest in B region. Migration of shorebird and from
Oct. and Dec. when winter migratory birds arrive to Feb. in the next year, number of species, number of individuals,
species diversity, and species richness recorded high values. This study found 19 species that were legally
protected.
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Introduction
Nakdong river estuary area has well developed foreshore
and a delta and plays an important roles as stopovers of
long migratory birds or over-wintering ground of winter
migratory birds (Kim et al., 1987). Therefore, the habitat of
migratory birds in estuary of Nakdong river was assigned
and protected as No. 179 of Natural Monument since July
13, 1966 (Yoon et al., 1998). However, a bank of Nakdong
river estuary was completed and it is an actual situation that
continued development constructions including reclamation
from creation of Shinho industrial complex, Noksan
industrial complex, and Myeongji residential complex, and
Myeongji bridge. Under construction affect ecosystem in
the estuary region of Nakdong river.
In avifauna investigation for the downstream region of
Nakdong river after construction of bank in the estuary of
Nakdong river, Hahm and Yu (1993) recorded 60 species in
1988, 65 species in 1989, and 67 species in 1990, Kim and
Won (1994) investigated 83 species of birds in 1992, Hur et
al. (1999) reported 84 species in 1997 investigation, and
Hong (2004) reported 114 species in 2003.
This survey was performed to grasp the avifauna of
Nakdong river estuary to utilize it as basic data in
establishing measures for preservation of ecosystem in this
region and management of habitats.
Investigation regions and Methods
Investigation schedule
In the estuary region of Nakdong river, species and number
of individuals were investigated in every month, totally 12
times from Mar, 2007 to Feb. 2008.
Investigation regions
The habitat of migratory bird in the estuary region of
Nakdong river assigned as a Natural Monument was
divided into 3 regions and the bird species inhabiting there
were investigated (Fig. 1).
A region: An upper region of the estuary bank of Nakdong
river and a fresh water zone with low salt concentration. In
Yeommak level-upped riverside and Ilwoongdo region,
some artificial structures are established to utilize as a rest
place of citizens and the reed is dominant there.
B region: Eulsukdo lower region of the estuary bank of
Nakdong river and a region including foreshore regions in
front of Eulsukdo and Myeongji region and Daemadeung
artificial habitat. In Daemadeung, the reed is dominant and
the Common Bulrush (Scirpus triqueter) is dominant in the
foreshore area in front of Myeongji.
C region: A lower region of the estuary bank of Nakdong
river. In a water surface area in the east side of Eulsukdo
and regions around Maenggeummeori, Baekhapdeung, and
Doyodeung, Maenggeummeori is an area with well formed
Common Reed (Phragmites communis) and Common
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Bulrush (Scirpus triqueter) communities, Baekhapdeung
has well developed Common Reed (Phragmites communis)
communities.
Method
For twelve times in from March, 2007 to February, 2008,
appearing birds were recorded while moving in vehicle or
walking in the sites. The line transect and point census were
used. The line transect was to record appearing birds while
walking at 2 km/h on roads or trail in level-upped riverside.
The point census was to record a total number of individuals
on a major observation point, usually in the water surface
(Bibby et al., 1992). Binoculars (10×25, Nikon) and
telescope (×15~45, Nikon) were used to observe birds.
GPS (Garmin, GPSmap 60CS) was used to record the
location of appearance.
Based on Won’s (1981) Illustration flora & fauna of
Korea. vol. 25 avifauna and A Field Guide to the Birds of
Korea (Lee et al., 2000), recordings were organized by
region and for legally protected species, Natural Monuments
of Korea in Color (Yoon et al., 1998) and Endangered and
Reserved Wild Species in Korea (Won and Yoon, 1998) were
referenced.
Here are some formulas for the research analysis
(Brower et al., 1990; Shannon and Weaver, 1949; Margalef,
1963).
(1) Dominance (Dom.)
Dom.(%)=(ni/N)×100
ni: number of individuals in the i th species
N: total number of individuals in survey area
(2) Species diversity (H')
H'=−Σ(ni/N)×ln(ni/N)
(3) Species richness(Da)
Da=(s−1)/ln(N)
s: total number of species
Results
Observed birds by investigation areas
The sum of maximum numbers by species observed in
estuary of Nakdong river during investigation period was
total 97 species, 32,404 individuals (Table 1).
The most dominant species was Anas platyrhynchos
(20.16%, 6,533 individuals), and it appeared in order of
Larus crassirostris (7.92%, 2,566 individuals), Anas
poecilorhyncha (7.88%, 2,554 individuals), Cygnus cygnus
(6.55%, 2,122 individuals), Phalacrocorax carbo (5.96%,
1,933 individuals), Anas penelope (5.85%, 1,896 individuals),
Tadorna tadorna (5.83%, 1,888 individuals), Calidris
alpina (5.43%, 1,730 individuals), and Larus argentatus
(5.14%, 1,666 individuals)(Table 1). Around the estuary
bank of Nakdong river, it was found that Phalacrocorax
carbo, gulls, and grebes rested and ate, and in a delta or a
foreshore region, and that dominance of Anas platyrhynchos,
Anas poecilorhyncha, Cygnus cygnus, Calidris alpina, and
Tadorna tadorna were also high.
By investigation areas, in A region, a fresh water zone in
upper part of the estuary bank of Nakdong river, total 60
species, 5,505 individuals were observed. Around the
estuary bank of Nakdong river, gulls and diving ducks were
dominant, and geese and Fulica atra were dominant along
with the waterside part where common reed was dominant.
In B region, a region including a foreshore region in front
of Eulsukdo and Myeongji region and Daemadeung on
lower part of the estuary bank of Nakdong river, total 69
species, 16,873 individuals were observed and the most
number of species and individuals were recorded. Particularly,
the foreshore area in front of Eulsukdo and Myeongji was
an important region where geese, ducks, and Calidris
alpina as well as Cygnus cygnus formed large communities
and took rests and vegetable feeding.
Fig. 1. Map showing the study areas in the Nakdong river estuary.
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Table 1. List of birds observed in Nakdong river estuary
No. Scientific name Korean name A B C Total Dom.
1 Podiceps ruficollis
논병아리
3 8 4 15 0.05
2 Podiceps cristatus
뿔논병아리
13 1 211 225 0.69
3 Podiceps nigricollis
검은목논병아리
13 13 0.04
4 Phalacrocorax carbo
민물가마우지
478 15 1,440 1,933 5.97
5 Ardea cinerea
왜가리
37 21 78 136 0.42
6 Egretta alba modesta
중대백로
11 19 66 96 0.30
7 Egretta alba alba
대백로
1 1 <0.01
8 Egretta intermedia
중백로
2 2 1 5 0.02
9 Egretta garzetta
쇠백로
5 18 29 52 0.16
10 Bubulcus ibis
황로
4 13 17 0.05
11 Nycticorax nycticorax
해오라기
5 5 0.02
12 Platalea leucorodia
노랑부리저어새
3 19 22 0.07
13 Platalea minor
저어새
2 2 <0.01
14 Cygnus cygnus
큰고니
25 1,539 558 2,122 6.55
15 Cygnus columbianus
고니
65 65 0.20
16 Anser cygnoides
개리
6 6 0.02
17 Anser fabalis
큰기러기
548 735 55 1,338 4.13
18 Anser albifrons
쇠기러기
250 550 800 2.47
19 Tadorna tadorna
혹부리오리
13 1,301 574 1,888 5.83
20 Aix galericulata
원앙
2 2 <0.01
21 Anas penelope
홍머리오리
17 1,488 391 1,896 5.85
22 Anas falcata
청머리오리
6 6 0.02
23 Anas strepera
알락오리
26 155 29 210 0.65
24 Anas crecca
쇠오리
44 221 265 0.82
25 Anas platyrhynchos
청둥오리
345 4,934 1,254 6,533 20.16
26 Anas poecilorhyncha
흰뺨검둥오리
322 1,666 566 2,554 7.88
27 Anas acuta
고방오리
1,208 212 1,420 4.38
28 Anas clypeata
넓적부리
87 482 569 1.76
29 Aythya ferina
흰죽지
291 166 105 562 1.73
30 Aythya fuligula
댕기흰죽지
150 50 200 0.62
31 Aythya marila
검은머리흰죽지
7 7 0.02
32 Bucephala clangula
흰뺨오리
73 2 26 101 0.31
33 Mergus albellus
흰비오리
6 6 0.02
34 Mergus serrator
바다비오리
6 35 41 0.13
35 Mergus merganser
비오리
16 16 0.05
36 Pandion haliaetus
물수리
1 2 3 <0.01
37 Milvus migrans
솔개
4 2 11 17 0.05
38 Haliaeetus albicilla
흰꼬리수리
1 1 <0.01
39 Haliaeetus pelagicus
참수리
1 1 <0.01
40 Circus cyaneus
잿빛개구리매
2 2 4 0.01
41 Buteo buteo
말똥가리
1 1 2 <0.01
42 Buteo lagopus
털발말똥가리
1 1 <0.01
43 Falco tinnunculus
황조롱이
2 2 1 5 0.02
44 Falco subbuteo
새홀리기
1 1 <0.01
45 Phasianus colchicus
꿩
1 1 2 <0.01
46 Gallinula chloropus
쇠물닭
5 5 0.02
47 Fulica atra
물닭
643 1 644 1.99
48 Haematopus ostralegus
검은머리물떼새
1 1 <0.01
49 Pluvialis squatarola
개꿩
50 1 51 0.16
50 Charadrius dubius
꼬마물떼새
2 2 <0.01
51 Limosa lapponica
큰뒷부리도요
5 5 0.02
52 Numenius phaeopus
중부리도요
1 42 43 0.13
53 Numenius arquata
마도요
184 110 294 0.91
54 Numenius madagascariensis
알락꼬리마도요
4 49 53 0.16
55 Tringa nebularia
청다리도요
4 12 16 0.05
56 Tringa ochropus
삑삑도요
3 3 <0.01
57 Xenus cinereus
뒷부리도요
12 5 17 0.05
58 Actitis hypoleucos
깝작도요
4 5 9 0.03
59 Calidris tenuirostris
붉은어깨도요
300 300 0.93
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In C region, a region including the east water surface
area of Eulsukdo and the reef region (Maenggeummeori,
Baekhapdeung and Doyodeung), total 58 species, 10,026
individuals were observed. Phalacrocorax carbo took a rest
forming a large group on a dike under the estuary and
performed feeding activities on the water surface area.
Along with barrier beach exposed in low water, ducks,
swans, and gulls as well as Anas platyrhynchos took a rest
forming a group and used it as a feeding place. In particular,
Doyodeung was used as a breeding palce of Sterna
albifrons group (Table 1).
It was found that species diversity (H') of each region
was 2.70 in A region, 2,49 in B region, and 2.77 in C region
and that the B region having had the most species and
individuals was the lowest. In contrast, species richness
(Da) was 6.85 in A region, 6.99 in B region, and 6.19 in C
region and the highest in the B region (Table 2).
As species richness (Da) has higher value when there is
more observed species number and less total individual
numbers, and species diversity (H') appears higher value
when there is more observed species and more even species
members, the B region resulted in low species diversity (H')
because of a high individual number ratio occupied by a
specific species in spite of high species richness (Da) value.
Table 1. Continued
No. Scientific name Korean name A B C Total Dom.
60 Calidris alpina
민물도요
1,100 630 1,730 5.34
61 Limicola falcinellus
송곳부리도요
5 5 0.02
62 Larus crassirostris
괭이갈매기
585 300 1,681 2,566 7.92
63 Larus canus
갈매기
1 7 8 0.02
64 Larus argentatus
재갈매기
1,006 180 480 1,666 5.14
65 Larus schistisagus
큰재갈매기
15 15 0.05
66 Larus ridibundus
붉은부리갈매기
321 160 638 1,119 3.45
67 Larus saundersi
검은머리갈매기
3 3 <0.01
68 Sterna albifrons
쇠제비갈매기
26 225 251 0.77
69 Streptopelia orientalis
멧비둘기
4 7 11 0.03
70 Alcedo atthis
물총새
1 1 <0.01
71 Hirundo rustica
제비
8 4 8 20 0.06
72 Motacilla cinerea
노랑할미새
2 2 <0.01
73 Motacilla alba
알락할미새
2 2 2 6 0.02
74 Motacilla lugens
백할미새
3 1 1 5 0.02
75 Anthus hodgsoni
힝둥새
5 5 0.02
76 Anthus rubescens
밭종다리
3 2 5 0.02
77 Hypsipetes amaurotis
직박구리
2 2 3 7 0.02
78 Lanius bucephalus
때까치
4 1 5 0.02
79 Prunella montanella
멧종다리
1 1 <0.01
80 Phoenicurus auroreus
딱새
7 4 1 12 0.04
81 Turdus naumanni eunomus
개똥지빠귀
5 5 0.02
82 Paradoxornis webbianus
붉은머리오목눈이
25 10 35 0.11
83 Acrocephalus orientalis
개개비
12 25 37 0.11
84 Cisticola juncidis
개개비사촌
6 6 0.02
85 Aegithalos caudatus
오목눈이
7 7 0.02
86 Parus major
박새
6 2 8 0.02
87 Emberiza leucocephala
흰머리멧새
2 2 <0.01
88 Emberiza pusilla
쇠붉은뺨멧새
2 2 <0.01
89 Emberiza rustica
쑥새
2 2 <0.01
90 Emberiza elegans
노랑턱멧새
30 2 32 0.10
91 Emberiza pallasi
북방검은머리쑥새
1 1 <0.01
92 Carduelis sinica
방울새
20 2 22 0.07
93 Passer montanus
참새
15 68 15 98 0.30
94 Sturnus cineraceus
찌르레기
1 34 22 57 0.18
95 Oriolus chinensis
꾀꼬리
2 2 <0.01
96 Pica pica
까치
11 19 3 33 0.10
97 Corvus corone
까마귀
2 1 3 <0.01
Number of species 60 69 58 97
Number of individuals 5,505 16,873 10,026 32,404
Species diversity(H') 2.70 2.49 2.77 2.94
Species richness(Da) 6.85 6.99 6.19 9.24
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Observed birds by months
The species number observed by months was the most as
56 species in January, 2008 and the least as 23 species in
May, 2007. In addition, the individual number was the
most, 16,834 individuals in Nov., 2007 and the least as 760
individuals in July, 2007 (Table 2). Generally, in migration
period of shorebird and from October when winter
migratory birds started to be gathered, the species and
individual numbers increase, and there is a tendency that
from March when the winter birds go north, the species and
individual numbers decrease.
The species diversity (H') by months was the highest as
2.64 in February, 2008, when migration of ducks, winter
migratory birds, was started and form a group with similar
scales, and it was the lowest as 0.75 in May, 2007, when the
number of appeared species was the smallest and a species
of black tailed gull was extremely dominant. And species
richness (Da) was the highest as 5.84 in January, 2008
when the most species were recorded and the least as 3.02
in May, 2008 (Table 2). October and from December to
February when the shorebird migrates and winter migratory
birds arrive, both of species diversity (H') and species
richness (Da) recorded high score. 
Table 2. Species diversity(H') and species richness(Da) by survey areas in Nakdong river estuary
 Times
Areas
2007 2008
Total
Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb.
A
N.S. 18 12 16 17 13 20 18 27 28 24 33 24 60
N.I. 1,288 154 635 681 362 608 381 1,792 551 2,154 2,815 1,268 5,505*
H' 1.91 1.44 0.62 0.73 1.00 1.63 1.77 2.00 2.40 2.19 2.16 2.25 2.70
Da 2.37 2.18 2.32 2.45 2.04 2.96 2.86 3.47 4.28 3.00 4.03 3.22 6.85
B
N.S. 14 17 12 11 13 15 14 28 27 28 31 24 69
N.I. 500 105 64 74 69 87 4,422 3,934 11,910 4,110 6,020 411 16,873*
H' 1.24 2.51 1.96 1.92 2.26 2.24 1.36 1.87 1.87 2.18 1.87 2.23 2.49
Da 2.09 3.44 2.64 2.32 2.83 3.13 1.55 3.26 2.77 3.24 3.45 3.82 6.99
C
N.S. 10 16 10 8 14 14 20 26 26 23 25 24 58
N.I. 1,536 615 770 625 329 916 2,490 6,153 4,373 3,631 3,421 2,770 10,026*
H' 1.25 1.61 0.41 1.08 1.70 1.75 1.99 2.28 2.10 2.25 1.83 2.24 2.77
Da 1.23 2.34 1.35 1.09 2.24 1.91 2.43 2.87 2.98 2.68 2.95 2.90 6.19
Total
N.S. 30 27 23 25 25 30 34 51 44 45 56 45 97
N.I. 3,324 874 1,469 1,380 760 1,611 7,293 11,879 16,834 9,895 12,256 4,449 32,404
H' 1.99 2.09 0.75 1.26 1.77 2.10 2.01 2.50 2.18 2.63 2.57 2.64 2.94
Da 3.58 3.84 3.02 3.32 3.62 3.93 3.71 5.33 4.42 4.78 5.84 5.24 9.24
N.S. : Number of species, N.I. : Number of individuals, H' : Species diversity, Da : Species richness * : the sum of peak count
Table 3. Protein of species recorded in Nakdong river estuary
No. Scientific name Korean name A Natural Monument Endangered Species Individuals
1 Platalea leucorodia
노랑부리저어새
205-1 I 22
2 Platalea minor
저어새
205-1 I 2
3 Cygnus cygnus
큰고니
201-2 II 2,122
4 Cygnus columbianus
고니
201-1 II 65
5 Anser cygnoides
개리
325 II 6
6 Anser fabalis
큰기러기
- II 1,338
7 Aix galericulata
원앙
327 - 2
8 Pandion haliaetus
물수리
- II 3
9 Milvus migrans
솔개
- II 17
10 Haliaeetus albicilla
흰꼬리수리
243-4 I 1
11 Haliaeetus pelagicus
참수리
243-3 I 1
12 Circus cyaneus
잿빛개구리매
323-6 II 4
13 Buteo buteo
말똥가리
- II 2
14 Buteo lagopus
털발말똥가리
- II 1
15 Falco tinnunculus
황조롱이
323-8 - 5
16 Falco subbuteo
새홀리기
- II 1
17 Haematopus ostralegus
검은머리물떼새
326 II 1
18 Numenius madagascariensis
알락꼬리마도요
- II 53
19 Larus saundersi
검은머리갈매기
- II 3
Total 11 17 3,649
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State of legally protected species 
This research found a total of 19 legally protected species
including 11 species of precious natural monument, and 4
species in 1st grade and 13 species in 2nd grade of
endangered species (Table 3).
Discussion
The Nakdong river estuary area plays an important role as
an over wintering ground for a variety of water birds.
In particular, it is the largest domestic winter resting
place for Cygnus columbianus and Cygnus cygnus, which
are designated as the National Treasure 201-1 and 201-2,
respectively as well as Endangered species class 2. The
investigation of winterization status of Cygnus cygnus
based on the maximum number of population obtained
from the winter migratory bird simultaneous survey
conducted by Ministry of Environment (2004; 2005; 2006)
and this research reveals a drop in population from about
1,400 in 1999 to around 200 in 2002, followed by a surge to
more than some 2,000 in 2006 and 2007. The population of
Cygnus columbianus has also decreased from about 700 in
1999 down to around 100 mingled with a group of Cygnus
cygnus, as recently observed (Fig. 2).
A comparison of this survey result at the estuary of
Nakdong river with that of another survey conducted by
Hahm and Yu (1993), Hahm (2003), and Hong (2004) in
terms of the number of species and the number of bird
population demonstrates that the number of species has
increased from 60 species in 1988 to 106, followed by a
slight decrease down to 97 in the survey conducted recently
while the accumulated number of bird population has
increased from around 80,000 in 1988 to some 160,000 in
1993, followed by a decrease down to about 70,000~
80,000, similar to that of the early 1990s. Therefore, it is
expected that some 100 species birds inhabit the Nakdong
river estuary area (Fig. 3).
In addition, Lee et al. (2000) reported 107 species of
birds near Han river from October 2007 to July 2008 while
Lee et al. (2001) detailed 104 species around the Geum
river estuary from November 1997 to October 1998. During
the similar period, Hahm (2003) reported 90 species at the
Nakdong river estuary, slightly less than that of the Han
river and Geum river but Hong (2004) has shown that the
Nakdong river estuary has comparable level of bird
population to that of the Han river and Geum river by
recording 160 species in survey conducted during the
period from March 2003 to February 2004. However,
attention needs to be taken toward the change in population
as a variety of development projects scheduled at the
Nakdong river estuary, including construction of Myeongji
bridge are expected to make environmental impact on the
area. 
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